This study reviews the uncovered interest parity hypothesis in perfectly open economies. To meet the assumption of perfect capital mobility, we only include countries and periods with the highest degree of capital account openness in the sample. Using several specifications from the restricted to the less restricted models, we estimate the relationship among exchange rate, domestic and benchmark interest rates. Regardless of the exchange rate regime, we find evidence that domestic interest rate is highly sensitive to international interest rate. Therefore, monetary policy independence would be affected.
Introduction
Uncovered interest parity (UIP) is an important building block of many theoretical models, but a vast number of empirical tests fail to find supporting evidence (Alper et al., 2009) . In addition to the existence of arbitrage, commonly UIP is tested jointly with three more assumptions, i.e. free capital mobility, rational (unbiased) expectation and risk neutrality. The failure of these assumptions may contribute to the failure of UIP test (Montiel, 1994) . First, capital account may not always be as open as assumed. When capital is not freely mobile, exchange rate and interest rate may not adjust to the return differentials. Secondly, UIP may also fail because of the failure of the rational expectation. Because of the data availability, the expected exchange rate is usually set to the ex-post exchange rate. If exchange rate is determined by other factors, the use of ex-post exchange rate could cause the deviations from UIP. Finally, the different risk perceptions between domestic and foreign interest rates may also influence the evidence. This study uses several empirical methods to review the UIP concept. The capital account openness assumption could not be tested independently because it is inherent in the UIP concept. Therefore, we limit the sample only for countries and periods with the highest degree of capital account openness to maintain the free capital mobility assumption. Risk neutrality is another component of the UIP. By restricting the sample to ensure capital account openness, we may test the risk neutrality part of the UIP together with the rational expectation. The rest of the paper is organized as follows. Section 2 presents the methodology. The result and discussion are presented in Section 3. Finally, section 4 concludes.
Methodology and Data
If capital is freely mobile, the existence of arbitrage equates domestic and foreign return. UIP hypothesis can be expressed as the relationship among domestic interest rate (id t ), foreign interest rate (if t ) and expected depreciation (s t+1 /s t ):
or in logarithmic terms
where lrd denotes domestic return, lrf is foreign return and lfx is expected depreciation. We test this relationship using several econometric models as follow:
UIP and rational expectation. The rejection of the null hypothesis might be caused by several factors. Besides the openness of the capital account, the exchange market inefficiency or other factors may affect the exchange rate movement. Next, there might be different risk perception for the increase of domestic and foreign interest rate. Moreover, if the exchange rate regime is hard peg or credibly managed, the expected depreciation would be zero, constant or exogenously determined by the central bank. In this case, putting the expected depreciation as dependent variable would be inappropriate. Therefore, the cause of the deviation in this specification may vary. Frankel and Okongwu (1995) employ Eq. (4) to measure the perfect substitutability between domestic and foreign assets with the null hypothesis of  = 1. In this specification, the focus is on the expected local assets returns. In this specification, expected depreciation is combined into domestic return. In this case, the estimation on the hard peg or managed regime would be possible. However, the problem with rational expectation may still affect the dependent variable. The last two equations are less restricted than the previous two in the sense that each parameter is allowed to be different. Eq. (5) corresponds to Eq. (3) if we put restriction  2 = - 1 . The difference is that Eq. (5) allows different impacts of domestic and foreign interest rate. We may obtain evidence of the foreign exchange market efficiency or the rational expectation hypothesis if this specification could establish significant relationship. If the parameters of domestic and foreign interest are different, it may imply the difference in the perceived risk between domestic and foreign interest rates. Eq. (6) distinguishes the impacts of foreign interest rate and expected depreciation. Eq. (4) corresponds to restriction  2 = 1 in Eq. (6). In this sense, we could get the relationship between domestic and benchmark interest rate separately from the expected depreciation. We focus our attention on  1 and  2 . If domestic interest rates follow the movement of the benchmark rates, β 1 should equal to unity. In addition, we also apply dynamic specification to estimate short-run and long-run relationships:
In this specification,  indicates the short-run relationship and  signifies long-run or level relationship. The parameter  measures speed of adjustment of domestic interest rate towards the long-run equilibrium. If domestic interest rate responds to minimize deviations from the long-run equilibrium,  should be negative. This paper employs data from International Financial Statistics of the International Monetary Fund. Additional interest rate data are also obtained from the Central Bank of Denmark and Bank Indonesia. We use monthly money market rates for domestic rates (60B..ZF...) because they reflect the market forces better than other rates. For the benchmark rate, we use U.S. Treasury Bill rate (Note 1). Ex-post exchange rates are used because the appropriate ex-ante expectations of future exchange rates are unobservable. Exchange rates are expressed in terms of domestic currency per U.S. dollars. As the sample, we choose countries and periods with the highest degree of the openness of the capital account according to KAOPEN index of Chinn and Ito (2008) . The sample coverage is dictated by the availability of the data. We include countries with more than nine years of data. The final sample consists of 18 countries. Based on the actual exchange rate following Levy-Yeyati and Sturzenegger (2005) and Frankel et al. (2004), we classify Bahrain, Hong Kong, Indonesia and Lithuania under the managed regime and other fourteen countries under the floating regime.
Result and Discussion
First, we plot domestic interest rates with benchmark interest rates for each country (Figure 1 ). The periods and scale for each country is different. We only include the periods with the highest degree of capital account openness in each country. From the figure, we may see that the movements of the domestic interest rates are quite similar with the benchmark interest rate in some countries. The result is presented in Table 1 -3. The dataset is the same. Therefore, we only put the information on the period and number of observation in the first table. The standard errors are robust to both heteroskedasticity and autocorrelation. The upper part shows the estimation on a country-by-country basis. The lower part pools the data across countries. Table 1 presents the results from Eq. (3) and Eq. (4). We start with the Eq. (3) which is commonly used in UIP test. The result is similar with the previous literatures. The coefficients of interest differentials are not significant in almost all countries. Only one has positive and significant value of . In the pooled analysis, managed regime has positive value of , while floating regime has marginally significant negative value of . Foreign interest rates do not have significant relationships with the domestic returns adjusted for expected depreciation in the next model (Eq. (4)), except in three countries. Two countries are under managed regime, Bahrain with hard peg and Hong Kong with Currency Board System. Another one is Canada with floating regime. Eq. (5) also fails to provide the expected results (Table 2) . Two countries have only weakly significant coefficient of domestic interest, one of them has the incorrect sign. All significant coefficients of the benchmark rate have the incorrect sign. Pooled analysis produces significant parameters, but the sign is also incorrect.
The results of the Eq. (3) and Eq. (5) indicate that foreign exchange market is not efficient or at least does not respond to changes in domestic and benchmark interest rates as expected. The movement of the exchange rate is determined by factors other than interest rates. The fourth model (Eq. (6)) reveals interesting results. Except for two countries, the coefficient of foreign interest rate is positive and highly significant in all countries. In the pooled estimates, we find that the slopes are not statistically different from unity. The hypotheses of β = 1 could not be rejected with 5% confidence level. However, the coefficients of exchange rate are not significantly different from zero in all individual countries and pooled estimates. Table 3 presents the results of dynamic specification (Eq. (7)). All coefficient of the foreign interest rate is positive with 13 out of 18 are significant. Pooled data estimates are also significant and not statistically different from unity in both managed and floating regimes. However, the managed regimes seem to adjust more rapidly with half-life of 1 month compared to the floating regimes with half-life of five months. Moreover, floating regimes have smaller R 2 value than managed regimes. This implies that factors other than the international interest rate have more influence on floating regimes than managed regimes. Although the objectives and variables are not exactly the same, our results are in line with Frankel et al. (2004) and Shambaugh (2004) . They find that interest rates are converging in the long-run, regardless of the foreign exchange regime. The differences between fixed and floating regime are on the adjustment speed and R 2 value.
The results indicate that domestic interest rates follow the movement of benchmark interest rates, but exchange rates do not adjust to this movement. In this case, monetary policy freedom would be affected. However, this should not be interpreted that the expected depreciations do not matter at all. Domestic interest rates may adjust according to the ex ante expected depreciation, but may not reflect the ex post depreciation. On the contrary, exchange rate may be determined by other factors. Therefore, deviations from the interest rates' predicted value may happen.
Conclusions
This study uses several empirical methods to test the UIP hypothesis. To emulate the perfect capital mobility, we include only countries and periods with the highest degree of capital account openness in the sample. We find that exchange rates do not reflect domestic and international returns. However, we find close long-run relationships between domestic and international interest rates. UIP hypothesis holds in the sense that domestic interest rates adjust to the benchmark interest rate. It applies regardless of the currency regime. Therefore, a complete monetary policy freedom might not be attainable. 
